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1.  Introduction 


Background 

The  Battle  River  is  a  small  river  in 
central  Alberta  which  slowly  winds  its  way  from 
Battle  Lake  to  the  province  of  Saskatchewan. 
There,  after  a  1 100  km  journey  it  flows  into  the 
North  Saskatchewan  River  near  the  Battlefords. 


Before  settlers  arrived  to  farm  its  rich 
soils,  the  Battle  River  basin  was  home  to 
Blackfoot  and  Cree  Indians.  The  river  gets  its 
name  from  the  frequent  confrontations  between 
the  two  tribes  along  its  banks.  Large  herds  of 
bison  roamed  freely  in  the  fertile  parkland 
landscape.  Native  populations  spent  the  fall 


drying  buffalo  meat  and  preparing  pemmican 
along  the  shores  of  Driedmeat  Lake. 


The  aspects  of  the  landscape  and  the 
activities  that  take  place  in  the  basin  have 
changed  considerably  over  the  last  100  years. 
Much  of  the  land  has  been  cleared  and 
converted  to  pasture  and  crop  land.  Small 
settlements  have 
grown  into  towns  and 
cities,  many  of  which 
use  the  river  for 
waste  disposal.  Coal 
mining  has  altered 
the  aspect  of  parts  of 
the  drainage  basin. 


Drainage  basin: 

The  area  of  land 
that  drains  rainfall 
and  snowmelt  runoff 
to  a  water  body. 
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Oil  and  gas  reserves  have  been  explored  and  are 
being  exploited  throughout  the  basin. 
Numerous  pipelines,  gas  plants  and  even  a 
power  plant  have  been  built. 

Whether  man-made  or  resulting  from 
natural  features  of  the  drainage  basin,  the  main 
attributes  that  characterize  the  Battle  River  are 
the  poor  quality  of  its  water  and  the  very  low 
flows  which  prevail  most  of  the  year. 

River  Flows 

The  Battle  River  drains  about  40%  of 
the  North  Saskatchewan  River  basin  in  Alberta, 
but  it  contributes  only  3%  of  the  water  that 
flows  in  the  North  Saskatchewan  River.  There 
are  two  main  reasons  for  this  situation.  First, 
the  Battle  River  has  its  headwaters  located  in  the 
Western  Plains  area  and  it  is  fed  by  groundwater 
and  by  runoff  from  local  snowmelt  and  rains 
rather  than  by  mountain  snow  packs,  so  the 
supply  is  variable  and  relatively  small.  Second, 
the  topography  of  most  of  the  land  in  the 
drainage  basin  is  rather  flat  and  runoff  from 
much  of  the  land  is  trapped  in  small  lakes  and 
sloughs.  As  a  result,  flows  in  the  Battle  River 
are  usually  very  low  except  for  a  short  time  in 
April  and  May  and  sometimes  in  summer 
(Figure  1). 

The  Battle  River  meanders  through 
marsh-like  Samson  Lake,  then  flows  through 
Driedmeat  Lake  and  Forestburg  Reservoir.  At 
low  flows,  weirs  on  the  outlets  of  Driedmeat 
Lake  and  the  Forestburg  Reservoir  allow  the 
passage  of  a  constant  amount  of  water.  These 
lakes  and,  on  a  smaller  scale,  beaver  dams,  log 
jams  or  other  smaller  obstructions  on  the  Battle 
River  tend  to  dampen  changes  in  river  flow 
downstream.  In  doing  so  they  also  influence  the 
quality  of  the  water. 

Water  typically  moves  very  slowly  in 
the  Battle  River.  Even  at  high  flows  it  takes 


about  23  days  for  a  drop  of  water  to  travel  from 
the  source  to  the  Alberta-Saskatchewan  border. 
At  low  flows  travel  time  would  be  much  longer, 
perhaps  several  months.  Travel  time  is  an 
important  consideration  when  assessing  the 
effects  of  man-made  effluents  on  water  quality. 
In  comparison,  water  in  the  North  Saskatchewan 
River  can  travel  from  the  mountains  to  the 
Alberta-Saskatchewan  border  in  7  or  8  days. 

The  largest  user  of  Battle  River  water  is 
Alberta  Power  Ltd.  which  draws  water  from 
Forestburg  Reservoir.  However,  most  of  the 
water  that  is  used  by  the  power  plant  for  cooling 
is  returned  to  the  Reservoir.  Camrose,  the 
largest  municipality  in  the  basin,  draws  its  water 
for  domestic  use  from  Driedmeat  Lake.  No 
municipality  uses  water  directly  from  the  Battle 
River  or  its  tributaries,  although  several 
municipalities  discharge  their  wastewaters  to  the 
streams.  Livestock  watering,  irrigation  and  oil 
injection  are  other  uses  for  water  in  the  Battle 
River  basin. 


Potential  Sources  of  Pollution  to  the 
Battle  River 

Few  industries,  but  many  small  towns 
and  cities,  in  the  basin  discharge  wastewater  to 
the  Battle  River  or  its  tributaries  (Table  1). 
Most  of  these  municipalities  and  industries  are 
located  in  the  western  part  of  the  basin  where 
about  two  thirds  of  the  population  lives. 
Industries  discharge  their  effluent  continuously, 
but  the  municipalities  empty  their  lagoons  in 
spring  or  in  fall,  or  both. 

Industrial  and  municipal  effluents  must  be 
treated  as  set  out  by  provincial  standards.  To 
achieve  the  required  secondary  treatment, 
municipalities  rely  on  lagoon  systems.  In  these 
lagoons  organic  wastes  break  down  through 
natural  processes.  Although  lagoon  effluents  to 
the  Battle  River  basin  are  of  fairly  high  quality, 
the  total  volume  discharged  is  high  relative  to 


Figure  1.  Map  of  the  Battle  River  Basin  showing 
mainstem  and  tributary  sites  sampled  i 
1989  and  1990 
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Table  1.   Municipal  and  industrial  effluents  entering  the  Battle  River,  directly  or  via 
tributaries. 

SOURCE 

DISCHARGE  ROUTE 

AVERAGE  DAILY  FLOW 
IN  m3/day 

Municipal  Discharge  (1) 

Lacombe 

Wolf  Creek 

1  937  ! 

Ponoka 

Battle  River 

1  591 

W/^td  cVl  11/1  Tl 

W  ClaMvl  Will 

Town  Creek 

J   1  JO 

Pipestone  Creek 

Millet 

Pipestone  Creek 

260 

Camrose 

Camrose  Creek 

4  851 

Stettler 

Red  Willow  Creek 

1  827 

Viking 

Thomas  Creek 

847 

Killam 

Creek/Ditch 

272 

Castor 

Castor  Creek 

422  1 

Coronation 

Ribstone  Creek 

489 

Wainwright 

Bushy  Head  Lake 

2  872 

Industrial  Discharge 

Alberta  Power  Ltd. 
Ash  Lagoon  Effluent 

Cooling  Ponds/Canal 

Forestburg  Reservoir 
Forestburg  Reservoir 

11  037(1989) 
6  681  (1990) 
No  data 

Luscar  Ltd. 

Paintearth  Creek 

No  data 

Manalta  Coal  Ltd.  Vesta  Mine 

Paintearth  Creek 

No  data 

(1)  Only  municipalities  with  1000  residents  or  more  are  listed  here 

the  river  flow.  The  largest  municipalities  in  the 
basin  discharge  their  wastewater  upstream  of 
Driedmeat  Lake.  This  places  the  City  of 
Camrose,  which  draws  domestic  water  from  the 
lake,  in  a  rather  unusual  situation. 


Active  surface  coal  mines  are  located 
between  Forestburg  Reservoir  and  Paintearth 


Creek.  Settling  ponds  collect  on-site  runoff  and 
eventually  discharge  water  to  Paintearth  Creek. 
Recently  mined  areas  are  reclaimed,  but  spoils 
from  mines  which  were  active  in  the  1 950's  are 
still  evident  northwest  of  the  Forestburg 
Reservoir.  The  power  plant  on  the  Forestburg 
Reservoir  uses  locally  mined  coal  to  generate 
power  and  it  uses  water  from  the  reservoir  for 
cooling. 


Potential  sources  of  pollution  in  the 
Battle  River  are  not  restricted  to  identifiable 
point  sources,  but 
also  include  non- 
point  sources  such 
as  runoff  from 
cleared  land,  land 
used  for 
agriculture,  coal 
mining, 

construction  sites, 
roads,  urban  areas 
and  atmospheric 
deposition. 
Because  non-point 
sources  are  diffuse 
and  sometimes 
difficult  to  identify 
or  locate  precisely, 
their  effects  on  river  water  quality  can  be 
difficult  to  measure.  Furthermore,  effects  of 
non-point  sources  are  associated  with  spring 
runoff  or  rainstorms  and  occur  at  a  time  when 
sediments  from  the  river  bottom  are  re- 
suspended  by  the  turbulence  created  by  high 
river  flows. 


Point  source 
pollution: 

Pollutants  enter  the 
river  at  one,  easily 
recognizable  point 
such  as  a  pipe. 

Non-point  source 
pollution: 

Pollutants  enter  the 
river  at  many  diffuse 
points. 
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2.     Study  of  the  Battle  River 
Water  Quality 

In  1989-1990  Alberta  Environment 
undertook  a  study  of  the  water  quality  of  the 
Battle  River  from  its  source  to  its  confluence 
with  the  North  Saskatchewan  River. 


The  results  of  the  study  are  published  in 
two  technical  reports  entitled  "Water  Quality  of 
the  Battle  River"  and  "Multi-Media  Monitoring 
of  Trace  Metals  and  Pesticides  in  the  Battle 
River  1989-1990".  The  first  report  includes  a 
basin  overview,  an  assessment  of  the  water 
chemistry,  and  an  assessment  of  the  influence  of 
the  river's  water  quality  on  living  organisms 
such  as  plants  and  invertebrate  animals.  The 
second  report  summarizes  the  work  of  a  pilot 
study  which  looked  into  the  development  of 
methods  for  the  monitoring  of  pesticides  and 
trace  metals  in  river  water,  bottom  sediments, 
aquatic  plants,  invertebrate  animals  and  fish. 

This  report  provides  a  non-technical 
summary  of  the  study  design,  major  findings 
and  conclusions  presented  in  the  main  reports. 


How  does  present  water  quality  compare  with 
surface  water  quality  guidelines? 


Field  Studies 

To  answer  these  questions  three  major 
components  were  studied  in  the  river:  the  water 
itself,  including  substances  dissolved  or 
suspended  in  it;  the  sediments  of  the  river 
bottom;  and  the  plant  and  animal  life  within  the 
water  and  the  sediments.  In  addition  to 
sampling  the  Battle  River,  point  source 
contributions  to  the  river  were  also  monitored. 
These  included  all  major  tributaries  and 
municipal  discharges. 

Sampling  locations  on  the  river  were 
chosen  upstream  and  downstream  of  these  major 
point  sources  (Figure  2).  The  river  was  sampled 
13  times  at  these  sites  in  1989  and  1990. 
Sampling  was  conducted  monthly  in  1989  and 
seasonally  in  1990.  Samples  were  also  collected 
under  ice  in  January  and  February  1990. 


Objectives 

The  study  was  designed  to  answer  a 
number  of  questions  about  water  quality  in  the 
Battle  River.  For  example,  how  do  the 
chemistry  and  biology  of  the  river  vary  along 
the  length  of  the  river  or  over  the  seasons?  Has 
water  quality  changed  over  the  last  fifteen 
years?  How  do  human  activities  affect  the 
river's  water  quality? 


Unwin,  a  site  near  the  Alberta- 
Saskatchewan  border,  has  been  sampled 
monthly  since  1974  as  part  of  a  long-term 
monitoring  program  by  the  Prairie  Provinces 
Water  Board. 


At  each  sampling  location,  water  was 
collected  for  chemical  analysis  to  determine 


BATTLE  RIVER  NEAR  PONOKA 


Figure  2.  Daily  flow  in  the  Battle  River  in  Cubic  metres  per  second. 
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Table  2.     Physical,  chemical  and  biological  constituents  measured  in  the  Battle  River  in  1989 

and  1990. 

MEASUREMENTS  IN  WATER 

|;          I  ICIU  IVlCaoUlCU  V^MCll  clCld  loll^o 

Carbon 

Temnpratnrp                  Dissolved  oxv<*en 

Dissolved  organic  carbon 

pH  Flow 

Total  particulate  carbon 

Conductivity 

Orpanics 

A/4ninr  Tnnc  and  RflntpH  frinctitiipnt's 

Phenolic  compounds      Oil  and  grease 

Calcium  Fluoride 

A/f  acrnpsiiim  farhrinatp 

Trarp  Orcranios 

Hardness  Bicarbonate 

Sodium  Alkalinity 

Semi-volatiles  -  56  compounds 

Potassium                   Total  dissolved  solids 

Acidic  herbicides  -  1 1  compounds 

Chloride 

Neutral  herbicides  -  8  compounds 

Organochlorines  -  19  compounds 

Oxygen  Demand 

Metals 

Biochemical  oxygen  demand 

Mercury  Aluminum 

Nutrients 

Cobalt  Arsenic 

Copper  Selenium 

Phosphorus  (total  and  dissolved) 

Nickel  Chromium 

Nitrogen  (total  particulate) 

Cadmium  Manganese 

Ammonia                   Total  Kjeldahl  nitrogen 

Lead  Molybdenum 

Nitrite  Silica 

Zinc  Vanadium 

Nitrite-nitrate 

Beryllium  Iron 

MEASUREMENTS  IN  SEDIMENTS 

Acidic  and  neutral  herbicides 

Trace  metals 

Organochlorine  pesticides 

Particle  size 

PCB's 

Organic  matter 

MEASUREMENTS  IN  LIVING  ORGANISMS 

Tissue  analysis  of  fish,  invertebrate 

Chlorophyll  a  in  free-floating  algae 

animals,  and  plants  for: 

Numbers  and  species  of  invertebrate  animals 

-  neutral  herbicides        -  PCB's 

Total  coliform  bacteria 

-  organochlorines          -  trace  metals 

Fecal  coliform  bacteria 

concentrations  of  major  ions,  metals,  nutrients 
and  organic  compounds  (Table  2).  Some 
biological  constituents  such  as  chlorophyll  a,  a 
measure  of  algal  biomass,  bacteria  and  aquatic 
invertebrate  animals  were  also  sampled. 

The  sediments  on  the  riverbed  interact 
with  the  water  and  may  store  substances  that  are 
undetectable  in  the  water  itself.  Living 
organisms  such  as  plants,  fish  and  invertebrate 


animals  may  accumulate  such  chemicals  in  their 
bodies.  Sediments  and  biological  tissue  were 
sampled  at  six  sites  in  the  Battle  River  to 
determine  if  they  acted  as  reservoirs  for 
pesticides  or  trace  metals. 

Because  river  flows  can  influence  the 
quality  of  the  water  by  resuspending  particles  or 
by  diluting  dissolved  substances,  streamflow 
was  measured  each  time  samples  were  collected. 
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3.     Evaluation  of  Water 
Quality  Data 

Temporal  Analysis 

The  data  from  the  long-term  monitoring 
site  near  Unwin  were  used  to  determine  if 
changes  (trends)  had  occurred  in  the  water 
quality  of  the  Battle  River  over  the  last  fifteen 
years.  The  data  were  also  used  to  describe 
seasonal  changes  in  the  quality  of  the  river's 
water. 


Spatial  Comparisons 

The  data  from  the  1989-1990  surveys 
were  used  to  describe  how  water  quality 
changed  along  the  river.  The  relationship 
between  these  changes  and  human  activity  was 
also  assessed. 


In  this  report  the  quality  of  water  in  the 
Battle  River  is  defined  in  terms  of  its  suitability 
for  the  most  sensitive  use.  Most  often  this  is 
aquatic  life,  but  sometimes  agriculture  or 
recreation  are  more  sensitive.  The  suitability  of 
Battle  River  water  as  drinking  water  was  not 
considered  in  this  report  because  drinking  water 
is  treated  before  consumption. 


Water  Quality  Guidelines 

Guidelines  or  objectives  define 
minimum  requirements  of  water  quality  from 
the  user's  perspective.  Alberta  Ambient  Surface 
Water  Quality  Interim  Guidelines  specify 
requirements  for  the  most  sensitive  use.  The 
more  recently  developed  Canadian  Water 
Quality  Guidelines  define  minimum 
requirements  for  various  uses  including  aquatic 
life,  agriculture,  recreation,  drinking  water  and 
industry.  The  Prairie  Provinces  Water  Board 
has  also  adopted  objectives  which  protect  the 
most  sensitive  use  for  water  flowing  across 
provincial  boundaries. 
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4.  Results 

Temperature 

Average  monthly  water  temperature  in 
the  Battle  River  at  Unwin  ranges  from  0°C  in 
winter  to  24°C  in  July.  The  warmest 
temperature  on  record  (29°C)  was  measured  in 
late  June  1988. 


Cooling  water  effluent  from  Alberta 
Power  is  discharged  in  the  upper  part  of  the 
Forestburg  Reservoir.  The  water  cools  as  it 
moves  through  the  reservoir  and  in  1989  the 
temperature  near  the  inlet  was  on  average  6.5°C 
warmer  than  near  the  outlet.  During 


most  of  the  study,  there  was  no  difference  in 
water  temperature  in  the  river  upstream  and 
downstream  of  the  reservoir.  However,  at  peak 
flows  in  spring,  water  moved  quickly  through 
the  reservoir  and  warmed  the  river  downstream. 
At  that  time,  Alberta  Ambient  Surface  Water 
Quality  Interim  Guidelines  were  exceeded  for  as 
much  as  200  km  downstream  because  the  water 
temperature  rose  by  3°C  or  more.  In  winter  the 
warm  water  from  the  power  plant  kept  the 
reservoir  mostly  ice-free.  This  open  water 
enhanced  oxygen  exchange  and  had  a  positive 
effect  on  the  water  quality  of  the  Battle  River 
downstream. 


Ice  covered  Battle 
River  upstream  of 
Forestburg 
Reservoir.  Note 
open  water  in 
reservoir  and  old 
mine  spoils  to  the 
left. 
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Dissolved  Oxygen 

An  adequate  amount  of  dissolved 
oxygen  is  essential  for  aquatic  life.  Oxygen 
concentration  increases  in  water  as  a  result  of 
turbulence  and  aeration  and  as  a  result  of  plant 
photosynthesis.  Oxygen  concentrations 
decrease  when  plants  and  animals  respire  and  as 
organic  material  is  decomposed  by  bacteria. 
The  temperature  of  water  also  influences  how 
much  oxygen  will  dissolve.  Under  otherwise 
similar  conditions  more  oxygen  will  dissolve  in 
cold  water  than  in  warm  water. 


Over  the  course  of  a  year,  dissolved 
oxygen  concentrations  in  the  Battle  River  may 
fluctuate  from  0  to  16  mg/L.  During  the  winter, 
ice  prevents  aeration  of  the  water  and  dissolved 
oxygen  gradually  becomes  depleted  because 
more  dissolved  oxygen  is  being  consumed  by 
respiration  and  decomposition  than  is  produced 
by  photosynthesis.  A  mid-winter  decline  in 
dissolved  oxygen  concentration  is  typical  for 
most  rivers,  but  in  some  parts  of  the  Battle  River 
that  decline  is  very  severe  because  so  much 
organic  matter  is  decomposing.  Once  ice  melts, 
oxygen  from  the  atmosphere  dissolves  in  the 
water  and  growing  plants  also  produce  more 
oxygen  (Figure  3). 


In  the  Battle  River,  dissolved  oxygen 
can  also  fluctuate  widely  over  the  course  of  a 
day.  This  is  particularly  noticeable  during  the 
summer  in  portions  of  the  river  with  an 
abundance  of  rooted  plants  and  small  free- 
floating  plants  called  algae.  During  the  day 
these  plants  photosynthesize  and  produce 
oxygen,  but  at  night  photosynthesis  stops  and 
plants  as  well  as  animals  use  oxygen  for 
respiration.  As  it  takes  some  time  for  dissolved 
oxygen  to  become  depleted  or  replenished, 
lower  concentrations  usually  occur  in  the  early 
morning  and  higher  concentrations  in  the  early 
evening  (Figure  4). 

During  the  winter  dissolved  oxygen 
concentrations  in  the  Battle  River  drop  well 
below  5  mg/L  which  is  the  lowest  concentration 
recommended  by  Alberta  Ambient  Surface 
Water  Quality  Interim  Guidelines  or  Canadian 
Water  Quality  Guidelines  for  the  protection  of 
aquatic  life.  Low  dissolved  oxygen  can  be  a 
natural  occurrence  in  small,  ice-covered  rivers, 
even  in  those  which  receive  relatively  few  man- 
made  discharges.  In  the  Beaver  River  for 
example,  dissolved  oxygen  levels  drop  very 
rapidly  after  freeze-up  even  in  sections  not 
influenced  by  man-made  discharges.  During  the 
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Figure  3.  Seasonal  changes  in  dissolved  oxygen  concentrations  in  the  Battle 

River  near  Unwin  since  1974.  The  horizontal  line  is  the  Alberta  Ambient 
Surface  Water  Quality  Interim  Guideline  (AASWQIG) 
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Figure  4.  Hourly  changes  in  dissolved  oxygen  concentration  measured  in  the 

Battle  River  at  three  sampling  stations  over  four  days  in  summer  and 
winter. 


summer,  dissolved  oxygen  may  also  drop  below 
that  limit,  especially  in  areas  where  there  is  a  lot 
of  plant  growth.  Low  dissolved  oxygen 
concentrations  are  a  limiting  factor  for  fish  in 
summer  and  winter1.  The  presence  of  dissolved 
oxygen  in  water  also  influences  the 
concentrations  of  some  dissolved  substances 
such  as  phosphorus,  nitrogen  and  some  metals. 


Major  Ions 

River  water  contains  small  quantities  of 
chemicals  that  are  present  in  nearly  all  natural 
waters.  When  dissolved  in  water,  these 
substances  separate  into  positively  and 
negatively  charged  particles  called  ions. 
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In  many 

rivers, 

concentrations  of 
major  ions  tend  to 
decrease  as  flows 
increase.  In  the 
Battle  River, 
concentrations  of 
most  major  ions 
are  lowest  in 
April  and  May 
when  river  flows 
are  highest. 


Major  ions:  The 

major  positively 
charged  ions  include 
calcium, 

magnesium,  sodium, 
and  potassium; 
major  negatively 
charged  ions  include 
bicarbonate, 
carbonate,  sulphate 
and  chloride. 


The  dominant  ions  in  the  Battle  River 
upstream  of  Samson  Lake  are  bicarbonate  and 
calcium.  Further  downstream,  sodium  and 
bicarbonate  are  the  dominant  ions.  The 
concentration  of  all  ions,  but  especially  sulphate 
and  chloride,  increases  in  a  downstream 
direction.  These  changes  are  related  to  changes 
in  the  quality  of  groundwater  which  flows  to  the 
river,  and  to  changes  in  the  geology  of  the 
drainage  basin.  Municipal  wastewater 
discharges  also  contribute  substantial  amounts 
of  ions  to  the  river,  especially  of  sodium, 
chloride,  sulphate  and  fluoride. 


The  concentration  of  some  ions  is  of 
importance  if  the  water  is  to  be  used  for 
irrigation.  In  the  eastern  portion  of  the  basin, 
sodium  concentrations  in  the  Battle  River  and 
most  tributaries  are  high  enough  to  restrict  the 
value  of  the  water  for  the  irrigation  of  sensitive 
crops.  This  does  not  apply  to  Ribstone  Creek, 
which  has  a  similar  ion  composition  to  the 
Battle  River  and  its  tributaries  in  the  west. 


Suspended  Solids 

Suspended  solids  are  particles  of  soil, 
organic  debris  or  algae  that  would  be  removed  if 
the  water  were  filtered. 


The  amount  of  suspended  solids  in  river 
water  usually  increases  with  increasing  flows. 
In  the  Battle  River,  highest  concentrations  are 
measured  in  April  and  May  at  a  time  when 
runoff  and  erosion  from  nearby  land  is  greatest 
and  when  river  flows  are  strong  enough  to  re- 
suspend  settled  particles.  Suspended  solids 
concentrations  also  increase  in  a  downstream 
direction. 


Data  since  1974  indicate  that  there  has 
been  a  slight  increase  in  suspended  solids  levels 
at  Unwin  over  the  years.  That  increase  is  small 
compared  to  instream  concentrations.  Its  cause 
is  not  known  with  certainty,  although 
agriculture,  coal  mining  and  construction  all 
disturb  soils  to  some  degree  and  could  have 
contributed  to  increased  erosion. 


Canadian  Water  Quality  Guidelines  for 
the  protection  of  aquatic  life  and  Alberta 
Ambient  Surface  Water  Quality  Interim 
Guidelines  recommend  a  maximum  increase  of 
10  mg/L  over  ambient  or  background  values.  It 
is  difficult  to  determine  whether  the  Battle  River 
complies  with  this  recommended  value  since  it 
is  not  known  how  much  suspended  solids  were 
transported  by  the  river  before  its  basin  was 
developed. 


Since  1974  there  has  been  a  very  slight 
decline  in  the  average  annual  concentration  of 
sodium,  magnesium  and  sulphate  at  the  Unwin 
site.  These  changes  are  so  small  that  they  have 
not  resulted  in  a  noticeable  change  in  water 
quality.  Their  cause  is  unknown.  Otherwise 
other  major  ion  concentrations  have  remained 
unchanged. 


Nutrients 

Chemical  substances  that  are  required 
for  the  growth  of  plants  and  animals  are  called 
nutrients.  In  surface  waters  phosphorus  and 
nitrogen  are  often  in  low  supply  compared  to  the 
needs  of  aquatic  plants,  and  plant  growth  is 
limited.  Through  human  activities  the  supply  of 
nutrients  to  surface  waters  may  greatly  increase. 
The  resulting  nutrient  enrichment,  also  called 


cultural  eutrophication,  is  of  concern  because  it 
may  lead  to  a  chain  of  reactions  which  is 
detrimental  to  water  quality  and  disruptive  to 
aquatic  life.  As  the  nutrient  supply  increases 
plants  may  become  so  abundant  that  they  alter 
natural  daily  and  seasonal  changes  in  dissolved 
oxygen  concentration.  Only  those  fish  and 
invertebrate  species  that  can  tolerate  these 
changes  may  be  able  to  survive,  while  others 
disappear. 

Data  since  1974  indicate  that  total 
phosphorus  concentrations  at  Unwin  have 
remained  steady  over  the  years,  but  that  total 
nitrogen  concentrations  have  dropped  slightly. 

Total  phosphorus  is  a  measure  of  all 
phosphorus  present  in  living  cells,  in  dead 


organic  matter,  associated  with  suspended 
sediment  or  dissolved  in  water. 


Total  phosphorus  concentrations  in  the 
Battle  River  were  highest  during  spring  runoff 
in  the  entire  river.  At  that  time  most  of  the 
phosphorus  was  in  particulate  form  and  was 
associated  with  sediments,  soils  and  organic 
matter  from  the  river  bottom  and  from  land  that 
drains  to  the  river. 


Municipal  wastewater  discharges  are 
also  an  important  source  of  phosphorus  to  the 
Battle  River.  Many  of  the  high  phosphorus 
concentrations  that  were  measured  in  spring  or 
fall  coincided  with  these  discharges  (Figure  5). 


SPRING  DISCHARGE 


FALL  DISCHARGE 
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16        18  20 
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Upstream 
4  km  d/s 
8  km  d/s 


Figure  5. 

Changes  in  nutrient 
concentrations  in 
the  Battle  River 
during  the  1991 
discharges  of 
municipal 
wastewater  from 
Ponoka. 

Concentrations  in 
the  river  upstream  of 
the  outfall  are 
compared  to  those 
measured  in  the 
river  4  km  and  8  km 
downstream  of  the 
outfall. 

Phosphorus 
concentrations  are 
compared  with  Alberta 
Ambient  Surface  Water 
Quality  Interim 
Guideline  (AASWQIG) 
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Lakes  on  the  Battle  River  are  very  rich 
in  nutrients  and  they  may  supply  phosphorus  to 
the  river  downstream.  Driedmeat  Lake,  for 
example,  has  among  the  highest  summer  total 
phosphorus  concentration  on  record  for  Alberta 
lakes2'3.  High  phosphorus  levels  in  that  lake 
may  be  related  to  the  high  fertility  of  the  soils  in 
the  western  part  of  the  river's  drainage  basin.  In 
addition,  Driedmeat  Lake  is  the  recipient  of 
wastewater  discharges  from  four  of  the  largest 
municipalities  in  the  basin.  River  and  lake 
sediments  may  also  release  phosphorus, 
particularly  in  summer  when  levels  of  dissolved 
oxygen  are  very  low  near  the  bottom.  River 
phosphorus  concentrations  downstream  of  lakes 
are  particularly  elevated  at  spring  runoff  when  a 
fairly  high  volume  of  water  moves  through  the 
lakes,  and  in  late  summer  when  decaying 
aquatic  plants  release  the  phosphorus  contained 
in  their  cells.  In  summer,  the  aquatic  plants  that 
grow  luxuriously  in  the  lakes  and  near  their 
outlet  take  up  phosphorus. 

Nitrogen  occurs  in  many  forms  in 
surface  waters.  Organic  nitrogen  includes 
proteins,  amino  acids  and  urea  in  dissolved  form 
or  as  live  cells  or  dead  organic  particles. 
Inorganic  nitrogen  includes  nitrate,  nitrite  and 
ammonia. 


Sources  and  seasonal  patterns  of 
nitrogen  forms  were  similar  to  those  of 
phosphorus.  Organic  nitrogen  is  the  most 
abundant  form  of  nitrogen  in  the  Battle  River. 
Higher  concentrations  were  recorded  during 
spring  runoff.  At  that  time  much  of  the  organic 
nitrogen  consisted  of  particles  re-suspended 
from  sediments  or  carried  into  the  river  flow 
from  the  land  during  runoff.  Inorganic  forms  of 
nitrogen  were  also  most  abundant  at  spring 
runoff.  They  are  readily  taken  up  by  plants  and 
their  concentration  was  usually  low  during  the 
growing  season.  Naturally  high  ammonia 
concentrations  occurred  downstream  of 
Driedmeat  Lake  in  the  fall  when  plants  die  off 
and  decompose.  The  Forestburg  Reservoir, 
which  remains  ice-free  and  well-oxygenated  in 
winter,  contributes  nitrate  to  the  river.  As 
dissolved  oxygen  levels  declined  under  ice  in 


the  river  downstream,  some  of  this  nitrate  was 
reduced  to  nitrite  and  even  ammonia.  Municipal 
discharges  also  contributed  much  nitrogen  to  the 
Battle  River  and  its  tributaries. 


As  a  result  of  municipal  inputs,  non 
point-source  inputs,  and  the  influence  of  lakes, 
concentrations  of  nitrogen  and  phosphorus  were 
generally  higher  in  the  western  than  in  the 
eastern  portion  of  the  basin  (Figure  6). 

Alberta  Ambient  Surface  Water  Quality 
Interim  Guidelines  for  phosphorus  were  met 
occasionally  in  some  samples  taken  at  the 
headwater  site  or  from  the  lower  portion  of  the 
river,  but  guidelines  were  exceeded  nearly  all 
the  time  at  other  sites.  The  ammonia  and  nitrite 
that  are  present  in  the  municipal  effluents  were 
sometimes  so  high  that  they  increased  river 
concentrations  above  Canadian  Water  Quality 
Guidelines  for  the  protection  of  aquatic  life 
(Figure  5). 

Measuring  non-point  source 
contributions  of  nutrients  is  very  challenging 
because  non-point  sources  are  so  diverse  and 
because  they  can  be  distributed  over  the  entire 
drainage  basin.  It  is  especially  difficult  to 
determine  the  relative  importance  of  point  and 
non-point  source  contributions  of  materials  for 
an  entire  drainage  basin  as  complex  as  that  of 
the  Battle  River.  Preliminary  calculations  based 
on  10  years  of  phosphorus  data  indicate  that  the 
phosphorus  that  is  contributed  by  all 
municipalities  discharging  wastewater  to  the 
river  accounts  for  more  than  60%  of  the  total 
annual  phosphorus  load  at  the  Alberta- 
Saskatchewan  border.  This  implies  that  40%  or 
less  of  that  load  is  derived  from  non-point 
sources,  including  natural  sources. 

Organic  Carbon 

Carbon  is  the  most  abundant  element 
found  in  all  living  organisms.  Plants  produce 
carbon  compounds  through  photosynthesis. 
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Figure  6.  Total  phosphorus  concentrations  in  the  Battle  River  during 

1989  and  1990.  The  horizontal  line  is  the  Alberta  Ambient  Surface 
Water  Quality  Interim  Guideline  (AASWQIG) 


These  carbon  compounds  are  the  prime  sources 
of  energy  and  organic  nutrients  for  most 
organisms  which  cannot  utilize  sun  energy 
directly. 

Since  1977  there  has  been  an  increase  of 
dissolved  and  particulate  organic  carbon  at  the 
Alberta-Saskatchewan  border.  Such  a  trend  may 
imply  that  the  Battle  River  has  become  more 
productive. 

Particulate  carbon  concentrations  in  the 
Battle  River  were  influenced  by  flows,  and 
highest  concentrations  in  this  study  occurred  in 
April  and  May.  Samson  Lake  and  Driedmeat 
Lake  were  the  largest  contributors  of  dissolved 
and  particulate  organic  carbon  to  the  river, 
mostly  in  the  form  of  plants  and  small  animals 
and  their  breakdown  products.  Municipal 
discharges  contributed  relatively  small  amounts 
of  carbon  unless  the  effluent  contained  large 
quantities  of  algae. 


Water  Quality  Guidelines  for  organic  carbon. 
The  large  quantity  of  organic  carbon  in  the  lakes 
and  in  the  Battle  River  contributes  to  oxygen 
depletion  as  bacteria  consume  and  break  down 
organic  matter. 

Biochemical  Oxygen  Demand 

Surface  waters  contain  various 
quantities  of  organic  matter.  Some  of  this 
organic  matter  is  released  in  the  stream  as  plants 
and  animals  grow,  die  off,  and  decompose. 
Some  organic  matter  enters  the  stream  with 
municipal  wastewater  discharges  or  with  runoff 
from  land  that  drains  to  the  river. 


Micro-organisms  such  as  bacteria  and 
unicellular  organisms  break  this  organic  matter 
down,  and  they  require  dissolved  oxygen  to  do 
so.  Biochemical  oxygen  demand  (BOD) 
provides  an  indication  of  how  much  dissolved 
oxygen  is  required  to  decompose  this  organic 
matter  completely. 


There  are  no  Alberta  Ambient  Surface 
Water  Quality  Interim  Guidelines  or  Canadian 
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In  the  river  stretch  downstream  of 
Samson  Lake  and  upstream  of  the  Forestburg 
Reservoir,  BOD  values  were  twice  those  in  the 
rest  of  the  river.  The  pattern  for  BOD  is  similar 
to  that  described  for  organic  carbon  and 
planktonic  chlorophyll  a  and  it  is  indicative  of 
the  high  BOD  load  contributed  by  Samson  and 
Driedmeat  lakes  to  the  Battle  River.  Municipal 
discharges  and  tributaries  which  receive 
municipal  discharges  and/or  flow  through 
intensively  farmed  land  (e.g.,  Wolf,  Pipestone, 
and  Camrose  Creek)  also  add  much  BOD  to  the 
river. 


The  Alberta  Ambient  Surface  Water 
Quality  Interim  Guidelines  state  that  BOD 
should  not  exceed  a  level  which  would  create  a 
dissolved  oxygen  content  in  the  river  of  less 
than  5  mg/L.  Dissolved  oxygen  measured 
during  this  study  was  frequently  less  than 
5  mg/L,  indicating  that  a  lot  of  dissolved  oxygen 
is  needed  to  break  down  the  high  concentration 
of  organic  matter  in  the  Battle  River. 


Metals  and  Trace  Elements 

Metals  and  trace  elements  occur 
naturally  in  the  earth's  crust  -  some  are  very 
abundant,  others  are  present  in  small  quantities 
(traces).  They  enter  surface  waters  through  the 
weathering  and  erosion  of  rocks  and  soils,  and 
are  present  even  in  water  of  undeveloped  river 
basins. 

There  are  many  ways  human  activities 
can  increase  metal  concentrations  of  rivers. 
These  include  mining,  heavy  metal  industry, 
sewage  discharges,  and  the  use  of  certain  types 
of  paints,  paper  and  leaded  gasoline.  Once 
metals  enter  rivers  they  may  be  transported  by 
the  current,  stored  temporarily  in  sediments  or 
taken  up  by  plants  or  aquatic  animals,  but  they 
do  not  degrade.  Certain  metals  are  of  concern 
because  they  can  be  toxic  at  low  concentrations, 
and  problems  associated  with  metal  toxicity  can 
become  amplified  because  living  organisms  can 
concentrate  them  in  their  tissues.  Some  metals 
such  as  mercury  are  known  to  concentrate  up  the 
food  chain. 
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A  total  of  17  metals  and  trace  elements 
were  monitored  in  the  Battle  River  in  1989-90. 
Except  for  mercury,  beryllium,  lead  and 
selenium,  all  of  these  metals  were  detected 
regularly  in  the  water  samples. 

Because  metals  are  a  natural  part  of  soil 
particles  and  because  they  tend  to  adsorb  to 
organic  and  clay  particles,  total  metal 
concentrations  followed  a  similar  pattern  to 
suspended  solids  levels  along  the  length  of  the 
river  and  over  time. 


As  with  suspended  solids  levels,  most 
total  metal  concentrations  increased  gradually  in 
a  downstream  direction.  Some  metals  such  as 
copper,  zinc,  nickel  and  iron  increased  more 
rapidly  downstream  of  Pipestone  Creek.  The 
higher  concentration  of  the  metals  in  Pipestone, 
Camrose,  Meeting  and  Paintearth  creeks  may 
reflect  the  geology  of  their  drainage  basins. 

Concentrations  of  most  metals  were 
highest  during  periods  of  high  flows  in  April 
and  May.  At  that  time  most  metals  were  bound 
to  soil  or  organic  particles.  The  presence  of 
dissolved  oxygen  also  influences  the 
concentration  of  some  metals.  In  oxygenated 
conditions,  iron  and  manganese  form  insoluble 
salts  which  precipitate  to  the  bottom.  Under 
reducing  conditions  (no  oxygen)  soluble  ions 
are  formed  which  go  into  the  water.  In  the 
Battle  River,  reducing  conditions  which  lead  to 
high  concentrations  of  iron  and  manganese 
(Figure  7)  are  common  under  ice  in  the  winter, 
but  they  can  also  occur  in  the  summer.  This  is 
why  iron  and  manganese  concentrations  are 
sometimes  high  in  the  river  downstream  of 
Driedmeat  Lake  when  aquatic  vegetation 
consumes  too  much  oxygen  through  nocturnal 
respiration  and  decomposition. 

Some  metals  can  also  influence  the 
concentration  of  other  metals.  For  example, 
dissolved  iron  can  form  insoluble  compounds 
with  dissolved  arsenic.  As  long  as  dissolved 


iron  is  present,  dissolved  arsenic  concentrations 
remain  low  in  the  water. 


Most  metals  have  been  monitored  on  a 
monthly  basis  since  1974  at  Unwin  and  their 
concentrations  have  not  changed  significantly 
except  for  a  slight  increase  in  aluminum. 
Aluminum  is  a  basic  constituent  of  rocks  and 
soils  and  its  concentration  increase  in  the  Battle 
River  may  be  linked  to  an  increase  in  suspended 
solids  levels. 


Alberta  Ambient  Surface  Water  Quality 
Interim  Guidelines  were  met  by  all  samples  for 
barium,  cadmium,  chromium,  cobalt,  and  lead, 
but  arsenic,  copper,  mercury  and  zinc  levels 
exceeded  recommended  values  in  some  samples. 
Alberta  guidelines  were  frequently  exceeded  for 
iron  and  manganese,  mainly  during  low  oxygen 
conditions  in  winter.  Arsenic,  nickel,  and 
selenium  met  Canadian  Water  Quality 
Guidelines  for  the  protection  of  aquatic  life,  but 
these  guidelines  for  aluminum,  cadmium, 
chromium,  cobalt,  copper,  and  iron  were 
exceeded  in  many  samples.  Guidelines  for 
irrigation  were  met  for  cobalt,  molybdenum,  and 
vanadium,  but  they  were  exceeded  frequently  by 
manganese.  In  most  cases,  non-compliance  with 
guidelines  for  the  protection  of  aquatic  life  and 
for  irrigation  occurred  at  high  river  flow, 
especially  in  the  lower  part  of  the  river. 

Several  metals  and  trace  elements  were 
also  monitored  in  the  river's  sediments.  Metal 
concentrations  in  fine-grained  sediments  with  a 
high  organic  content  tend  to  be  naturally  higher 
than  in  those  of  sandy  sediments  with  little 
organic  matter.  Differences  in  sediment  type 
were  the  main  reason  why  metal  concentrations 
were  higher  in  the  western  part  of  the  river  than 
in  the  eastern  part.  Unlike  other  metals,  lead 
concentrations  in  sediments  were  not  related  to 
sediment  type.  Sites  with  highest  lead 
concentrations  were  near  major  highways  and 
urban  centres.  This  may  reflect  the  higher  usage 
of  leaded  gasoline  which,  at  the  time  of  the 
surveys,  was  still  commonly  available.  Copper 
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Figure  7.  Seasonal  changes  in  dissolved  iron  and  dissolved  manganese 

concentrations  in  the  Battle  River  near  Unwin.  The  horizontal  line  is  the 
Alberta  Ambient  Surface  Water  Quality  Interim  Guideline  (AASWQIG). 


concentrations  were  highest  in  sediments  from 
the  Forestburg  Reservoir,  possibly  because  of 
the  local  geology.  Quite  unlike  other 
components  of  the  ecosystem,  metal 
concentrations  did  not  change  seasonally  in  the 
Battle  River's  sediments.  Sediment  guidelines 
for  mercury  and  arsenic  were  the  only  metal 
sediment  guidelines  applicable  to  Battle  River 
data.  While  all  sediment  samples  complied  with 
guidelines  for  mercury,  many  samples  exceeded 
guidelines  for  arsenic.  The  concentration  of 
other  metals  was  similar  to  levels  reported  for 
uncontaminated  fresh  water  sediments. 


Most  of  the  metals  that  were  analyzed  in 
sediments  were  also  measured  in  biological 
samples.  The  metal  concentrations  in  various 
species  of  aquatic  plants,  invertebrate  animals 
and  fish,  or  in  parts  of  these  organisms,  were 
quite  different.  This  was  due  to  the  various 
ways  in  which  organisms  take  metals  up,  store 
them  or  remove  them  from  their  tissues.  Plant 
roots  and  filamentous  algae  concentrated  more 
arsenic  and  vanadium  than  any  other  tissue, 
whereas  invertebrate  animals  concentrated  more 
zinc.  Fish  muscle  contained  the  lowest  metal 
levels,  except  for  mercury.  Mercury  is  known  to 
accumulate  in  organisms  and  concentrate  along 
the  food  chain  -  a  process  called 
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biomagnification.  There  was  evidence  of  this 
process  in  the  Battle  River,  where  mercury  was 
seldom  detected  in  water,  but  occurred  at 
increasing  levels  from  plants  through 
invertebrates  to  fish.  Muscle  tissue  from  all 
pike  and  white  suckers  collected  from  the 
Forestburg  Reservoir  complied  with  the  mercury 
consumption  guidelines4  for  game  fish.  There 
are  no  guidelines  for  metals  in  other  biological 
tissue  samples.  The  metal  concentrations 
measured  in  tissue  samples  from  the  Battle 
River  were  within  the  range  that  has  been 
reported  for  uncontaminated  fresh  waters. 

Organic  Compounds 

Organic  compounds  are  complex  or 
simple  molecules  containing  carbon.  Natural 
organic  compounds  are  derived  from  soils,  the 
breakdown  of  plant  and  animal  cells  and  the 
weathering  of  bedrock.  These  compounds  occur 
naturally  in  the  environment,  although  human 
activities  can  augment  their  quantity.  In 
addition,  a  large  variety  of  man-made  organic 
compounds  may  be  released  in  the  environment 
and  contaminate  surface  waters.  Some  of  the 
organic  compounds  that  were  monitored  in  the 
Battle  River  include  phenolic  compounds,  a 
wide  range  of  pesticides  and  trace  organic 
compounds. 

Concentrations  of  phenolic  compounds 
were  highest  in  the  river  stretch  between 
Samson  Lake  and  the  Forestburg  Reservoir. 
River  concentrations  did  not  increase 
downstream  of  tributaries  or  during  municipal 
wastewater  discharges.  This  suggests  that 
phenolic  compounds  in  the  Battle  River  are 
primarily  of  natural  and  diffuse  origin. 
Nevertheless,  concentrations  exceeded  Canadian 
Water  Quality  Guidelines  and  Alberta  Ambient 
Surface  Water  Quality  Interim  Guidelines  in 
nearly  every  sample  taken  during  this  study. 
Phenolics  could  impart  taste  and  odours  to  the 
water  after  treatment  and  to  fish  of  the  Battle 
River. 


Among  the  44  pesticides  which  have 
been  monitored  at  Unwin  since  the  mid-1970's, 
only  14  have  been  detected  on  one  or  more 
occasions.  Among  these,  gamma  BHC 
(Lindane),  alpha-BHC  and  2,4-D  have  been 
detected  most  frequently.  A  slight  decline  in 
alpha-BHC  levels  has  occurred  over  the  period 
of  record,  likely  because  its  use  has  declined. 

Pesticides  were  not  detected  during 
routine  water  quality  surveys.  However,  traces 
of  pesticides  were  detected  on  several  occasions 
in  the  pilot  multi-media  study.  Techniques  that 
were  used  in  that  study  are  very  elaborate  and 
could  not  be  applied  routinely.  Among  the  12 
pesticides  that  were  detected  in  water  2,4-D, 
MCPA,  gamma-BHC,  2,4-DP,  dicamba, 
bromoxynil  and  triallate  were  found  most 
frequently.  Triallate  was  detected  occasionally 
in  the  river's  sediments.  Some  biological  tissue 
samples  (invertebrate  animals,  aquatic  plants, 
fish)  contained  traces  of  metolachlor,  triallate, 
/?/?DDE,  dieldrin,  HCB  and  PCB.  There  are  no 
guidelines  for  pesticide  levels  in  tissue  samples 
or  sediments.  The  pesticide  concentrations  that 
were  detected  in  water  were  at  least  a  thousand 
times  lower  than  the  most  restrictive  guidelines. 

Hexachlorobenzene,  phthalate  esthers 
and  hexadecanoic  acids  were  the  only  other 
trace  organic  compounds  that  were  detected  at 
low  concentrations  during  this  study  and  at  the 
Alberta-Saskatchewan  border. 


Primary  Producers 

Primary  producers  comprise  a  variety 
of  plants.  In  rivers  these  may  include  large 
rooted  plants  (macrophytes),  mosses  and  algae 
that  grow  on  rocks,  and  small  free-floating  algae 
(phytoplankton).  Plants  are  called  primary 
producers  because  they  are  able  to  convert 
carbon  dioxide  to  organic  carbon. 
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In  the  Battle  River  large,  submersed 
rooted  plants  and  free-floating  algae  are  the 
most  conspicuous.  Rooted  plants  were  not 
sampled  in  1989-90,  but  they  were  observed 
along  most  of  the  river.  The  largest  stands 
occurred  downstream  of  Driedmeat  Lake  where 
they  virtually  choked  the  river. 


Moderate  amounts  of  rooted  plants  are 
beneficial  for  aquatic  wildlife  because  they  offer 
shelter  and  food  to  small  fish  and  food 
organisms.  When  rooted  plants  become  too 
abundant  they  may  create  unfavourable 
conditions  by  interfering  with  the  water  flow,  by 
increasing  daily  fluctuations  of  dissolved 
oxygen  through  photosynthesis  and  respiration 


and  by  increasing  the  consumption  of  dissolved 
oxygen  when  they  decompose. 


In  this  study  the  amount  or  biomass  of 
free-floating  algae  or  phytoplankton  was 
estimated  by  extracting  and  measuring 
chlorophyll-^  ,  a  photosynthetic  pigment,  from 
algal  cells  in  a  water  sample. 


In  most  rivers  phytoplankton  originate 
from  the  bottom  or  from  quiet  areas  and  they  are 
swept  downstream  by  the  current,  but  in  many 
parts  of  the  Battle  River,  the  current  is  so 
sluggish  that  these  algae  can  grow  and  maintain 
themselves  much  as  they  do  in  lakes.  With  its 
sluggish  flow  and  ample  supply  of  nutrients,  the 
portion  of  the  Battle  River  downstream  of 
Samson  Lake  and  upstream  of  the  Forestburg 
Reservoir  was  especially  well  suited  for  the 
growth  of  phytoplankton.  Chlorophyll  a  levels 
were  higher  in  that  stretch  than  anywhere  else  in 
the  river.  Some  of  the  algae  that  live  here 
originate  from  Samson  and  Driedmeat  lakes. 
Occasionally,  municipal  wastewater  treatment 
lagoons  contained  large  amounts  of  algae  and 
their  effluents  also  represented  a  source  of  algae 
to  the  river. 


Concentrations  of  chlorophyll  a  in  the 
Battle  River  downstream  of  the  Forestburg 
Reservoir  were  comparable  to  those  in  the  North 
Saskatchewan  River  downstream  of  Edmonton. 
However,  concentrations  in  the  river  between 
Samson  Lake  and  the  Forestburg  Reservoir  were 
much  higher.  The  Battle  River  flows  through 
Driedmeat  Lake  which,  with  its  extremely  high 
summer  phosphorus  and  chlorophyll  a  levels,  is 
one  of  the  most  fertile  lakes  in  Alberta. 


Submersed  rooted 
plants  in  the  Battle 
River 
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Bacteria 

Bacteria  are  counted  in  water  to 
indicate  its  safety  for  recreation,  drinking  or 
irrigation.  An  easily-measured  group  of  bacteria 
known  as  coliforms  is  used  as  a  general 
indication  of  fecal  contamination.  However,  the 
presence  in  water  of  coliforms  is  not  necessarily 
an  accurate  measure  of  contamination  by  human 
feces.  The  total  coliform  test  measures  all 
coliform  bacteria,  many  of  which  occur 
naturally  in  soils  and  water.  The  fecal  coliform 
test  does  measure  fecal  contamination,  but  fecal 
coliforms  occur  in  all  warm  blooded  animals 
including  livestock,  birds,  beaver  and  muskrats. 
Therefore  test  results  are  not  necessarily 
indicative  of  contamination  by  human  feces  or 
the  presence  of  human  pathogens. 

In  the  Battle  River  total  coliform  counts 
were  highest  from  the  headwaters  to  a  site 
downstream  of  Driedmeat  Lake.  At  spring 
runoff  time,  counts  in  that  stretch  of  the  river 
exceeded  Alberta  Ambient  Surface  Water 
Quality  Interim  Guidelines  for  contact 
recreation.  Coliform  counts  in  the  rest  of  the 
river  were  generally  much  lower  and  complied 
with  objectives  on  all  occasions.  Fecal  coliform 
counts  were  similar  at  all  sites.  Counts  were 
lowest  in  winter  and  highest  in  summer, 
especially  downstream  of  Driedmeat  Lake.  The 
fecal  coliform  counts  exceeded  the  Canadian 
Water  Quality  Guidelines  and  Prairie  Provinces 
Water  Board  Objectives  for  irrigation  at  all  sites 
on  at  least  one  occasion.  There  was  no 
consistent  relationship  between  wastewater 
discharges  and  increases  in  bacterial  counts  in 
the  Battle  River  and  it  is  believed  that  total  and 
fecal  coliform  bacteria  in  the  river  are 
influenced  primarily  by  diffuse  or  non-point 
sources. 


Aquatic  Invertebrate  Animals 

Aquatic  invertebrate  animals  that  live  in 
the  Battle  River  are  a  very  diverse  group  of 
organisms.  They  include  immature  stages  of 


fish  flies  such  as  mayflies,  caddisflies, 
stoneflies,  midges,  dragonflies  and  damselflies, 
but  also  beetles,  backswimmers,  leeches,  bristle 
worms,  snails,  clams,  scuds,  and  even  crayfish. 
These  animals  swim  in  the  water,  burrow  in  the 
sediments,  and  dwell  among  rocks  or  aquatic 
vegetation.  They  fulfil  an  important  role  in  the 
aquatic  ecosystem  because  they  are  part  of  the 
food  web.  Some  eat  small  algae  or  parts  of 
rooted  plants.  Others  consume  dead  plants  or 
animals  and  speed  up  the  decomposition  or 
composting  of  organic  matter.  Some  are 
predacious  and  feed  on  other  invertebrates. 
Many  are  prime  food  for  fish. 

In  the  Battle  River,  invertebrates  are 
adapted  to  the  sluggish  flows  and  the  fauna  is 
more  reminiscent  of  lakes  than  of  flowing 
waters.  For  example,  worms,  midges,  scuds, 
and  clams  are  more  common  than  fish  flies 
which  require  swift  currents.  Even  tiny 
planktonic  animals,  which  are  common  in  lakes, 
often  occur  in  large  numbers  in  this  river. 

The  type  of  bottom  material  has  a  great 
deal  of  importance  for  invertebrates.  In  the 
upper  part  of  the  Battle  River  the  river  bottom 
consists  of  fine  black  mud  that  contains  a  lot  of 
organic  material,  whereas  clean-looking  sands 
prevail  in  the  lower  part  of  the  river.  Sand  is  not 
a  hospitable  type  of  environment  for  many 
invertebrates.  It  contains  little  food  and  is  so 
unstable  that  animals  are  easily  washed  away, 
especially  when  flows  are  high  in  spring.  In 
general  many  more  worms,  midges,  scuds,  and 
clams  were  living  upstream  in  the  fine  muds 
than  downstream  in  the  sand. 


The  presence  of  large  aquatic  plants 
also  influences  the  number  and  types  of 
invertebrates  in  the  Battle  River.  Small  stands 
of  macrophytes  are  beneficial  to  aquatic 
invertebrates.  Macrophytes  that  grow  along  the 
river  bank  are  home  to  a  much  wider  variety  of 
animals  than  the  muddy  or  sandy  areas  in  the 
centre  of  the  river.  They  offer  a  greater 
diversity  of  spaces  and  foods  as  well  as  shelter 


from  larger  predators.  Most  mayflies, 
caddisflies,  damselflies  and  all  stoneflies  occur 
among  macrophyte  beds  along  the  river's  edge. 

An  overabundance  of  plants  can  create 
conditions  which  become  limiting  to  some 
invertebrates  by  increasing  daily  fluctuations  of 
dissolved  oxygen.  In  the  stretch  between 
Samson  Lake  and  the  Forestburg  Reservoir, 
where  plants  are  very  abundant,  most 
invertebrates  belonged  to  groups  which  are 
tolerant  of  such  fluctuations. 


Municipal  effluents  contain  a  lot  of 
food  for  aquatic  invertebrates,  and  in  many  fast 
flowing  rivers  of  Alberta  that  receive  such 
effluents  the  number  of  invertebrates  is  much 
higher  downstream  than  upstream  of  the  outfall. 
In  the  Battle  River  such  increases  in  numbers 
were  not  observed  for  three  main  reasons: 
wastewater  discharges  to  the  river  are 
intermittent  and  invertebrates  do  not  have  a 
continuous  food  supply  from  that  source; 
ammonia  concentrations  are  high  in  the  effluent, 
and  periodically  the  dissolved  oxygen 
concentration  in  the  river  becomes  low. 
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5.  Conclusions 

The  Battle  River  is  rather  small 
compared  to  many  other  rivers  in  Alberta. 
Nevertheless,  describing  its  water  quality  can  be 
a  complex  matter  because  it  is  influenced  by  so 
many  factors.  The  quality  of  the  water  changes 
along  the  length  of  the  river  and  with  time. 
These  changes  can  be  the  result  of  interactions 
between  the  physical  and  chemical  environment 
and  living  organisms.  Human  activities  can  also 
alter  the  river's  quality. 

Water  Quality  Changes  Along  the  Length 
of  the  River 

From  the  headwaters  to  the  confluence 
with  the  North  Saskatchewan  River  there  is  a 
gradual  increase  in  suspended  solids  and  major 
ions.  This  increase  is  mainly  the  result  of 
natural  factors  such  as  river  flows,  tributaries, 
groundwater  inflow  and  contribution  of 
materials  from  the  drainage  basin. 

Because  the  river  flows  through  fertile 
soils,  concentrations  of  plant  nutrients  are  quite 
high  in  the  water.  However,  the  highest 
concentrations  occur  in  the  most  densely 
populated  region  of  the  basin,  between  Samson 
Lake  and  the  Forestburg  Reservoir  and 
especially  downstream  of  Driedmeat  Lake.  So, 
nutrient  concentrations  are  influenced  by  inputs 
from  point  sources  such  as  sewage  discharges, 
by  runoff  from  land  to  the  river  but  also  by  the 
outflow  from  lakes  to  the  river  and  by  inflow  of 
groundwater.  Depending  on  the  time  of  year 
and  the  flows  in  the  river,  lakes  can  trap  or 


release  nutrients.  Aquatic  plants  require 
nutrients  for  their  growth  and  they  thrive  where 
concentrations  are  high. 

The  Forestburg  Reservoir,  a  large 
cooling  pond  built  on  the  river,  also  influences 
the  quality  of  the  water  downstream.  The  river 
water  is  warmer  below  the  reservoir  during 
spring  runoff  when  a  lot  of  water  flows  through. 
In  the  winter  the  reservoir  does  not  freeze  over 
completely  and  it  supplies  oxygen-rich  water 
downstream.  The  presence  of  dissolved  oxygen 
downstream  of  the  reservoir  keeps 
concentrations  of  some  dissolved  metals  and 
ammonia  low  in  that  area. 


Seasonal  Changes  in  Water  Quality 

Many  seasonal  changes  in  Battle  River 
quality  are  linked  to  changes  in  river  flow.  The 
amount  of  particles  suspended  in  the  water 
usually  increases  as  flows  increase,  and  so  does 
the  amount  of  phosphorus,  nitrogen,  carbon  and 
metals  which  are  associated  with  these  particles. 
In  contrast,  concentrations  of  many  dissolved 
substances  such  as  major  ions  are  diluted  by 
increasing  flows. 

Some  seasonal  changes  are  related  to 
biological  activity  and  in  particular  to  that  of 
aquatic  plants  which  grow  so  well  in  the  Battle 
River.  In  summer  plants  influence  changes  in 
dissolved  oxygen  in  the  water  over  the  course  of 
a  day.  Plants  photosynthesize  during  the  day 
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and  the  amount  of  oxygen  dissolved  in  water 
increases,  but  it  declines  when  plants  stop 
photosynthesizing  at  night.  When  large 
quantities  of  plants  die  off  in  fall  and 
decompose  over  the  winter  they  contribute  to 
the  rapid  depletion  in  dissolved  oxygen  which  is 
typical  of  most  of  the  ice-covered  Battle  River. 

These  daily  or  seasonal  changes  in 
dissolved  oxygen  induce  cycles  in  other 
chemical  constituents  of  the  river.  When  there 
is  no  oxygen  in  the  water,  iron  and  manganese 
form  soluble  ions  and  are  released  from  the 
sediments  and  concentrations  become  quite  high 
in  the  water.  These  conditions  occur  mainly 
under  ice,  but  they  can  occur  for  short  periods  in 
the  summer,  as  well. 


Changes  in  Water  Quality  over  the  Last 
15  Years 

Unwin,  near  the  Alberta  Saskatchewan 
border,  is  the  only  site  on  the  Battle  River  where 
water  has  been  analyzed  on  a  regular  basis  over 
the  last  15  years.  At  that  site  the  concentration 
of  most  constituents  has  not  changed,  but  for 
some  it  has.  In  particular,  levels  of  suspended 
solids,  aluminum,  particulate  and  dissolved 
organic  carbon  have  increased,  but  true  colour, 
sulphate,  total  and  dissolved  nitrogen,  phenolics 
and  alpha-BHC  have  declined.  The  observed 
increases  could  be  related  to  human  activities 
which  disturb  soils  and  increase  the  potential  for 
erosion.  Causes  for  the  observed  declines  are 
not  clearly  related  to  human  activities  in  the 
basin. 


Although  levels  of  some  chemical 
constituents  show  trends,  the  changes  involved 
have  been  so  small  that  they  have  not  resulted  in 
noticeable  changes  in  overall  water  quality 
which  would  affect  the  use  of  the  water. 


Human  Activities  and  Their  Influence  on 
Water  Quality 

Most  municipalities  in  the  Battle  River 
basin  discharge  their  treated  wastewater  in 
spring,  in  fall,  or  both.  River  concentrations  of 
nutrients  and  salts  are  elevated  during  the 
passage  of  effluent  plumes.  The  total  amounts 
contributed  to  the  river  are  high  relative  to  the 
overall  amounts  transported  by  the  river.  In 
most  instances  the  quality  of  the  treated 
wastewater  was  poorer  in  spring  than  fall, 
mainly  because  nutrient  levels  were  higher.  In 
spring  some  discharges  had  ammonia  levels 
high  enough  to  increase  river  concentrations 
above  safe  levels  for  aquatic  life. 

Diffuse  nutrient  sources  such  as  natural 
erosion  and  weathering  and  runoff  from 
agricultural  and  cleared  land  also  have  the 
potential  to  affect  river  water  quality.  It  is  not 
known  exactly  how  important  these  sources  are 
because  it  is  difficult  to  measure  all  sources  over 
an  area  as  large  as  the  entire  river  basin.  Based 
on  estimates  it  appears  that  municipal  discharge 
contributions  and  non-point  source  contributions 
of  nutrients  may  be  of  comparable  size. 

Discharge  of  cooling  water  by  Alberta 
Power  Ltd.  increases  the  water  temperature  in 
the  Forestburg  Reservoir.  The  outflow  from  the 
reservoir  warms  the  river  downstream  during 
high  flows  in  spring.  In  winter,  the  ice-free, 
well-  oxygenated  reservoir  supplies  oxygen-rich 
water  downstream  and  has  a  beneficial  effect  on 
some  aspects  of  water  quality. 

Compliance  with  Water  Quality 
Guidelines 

According  to  Canadian  Water  Quality 
Guidelines  and  Alberta  Ambient  Surface  Water 
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Quality  Interim  Guidelines  the  quality  of  the 
Battle  River  has  many  limitations  relative  to  the 
various  uses.  Low  dissolved  oxygen  and  high 
ammonia  levels  present  the  most  severe 
limitations  for  the  protection  of  aquatic  life,  but 
certain  nitrogen  forms,  total  phosphorus, 
temperature,  phenolic  compounds  and  many 
metals  exceed  recommended  levels  along  the 
river  occasionally. 

Battle  River  water  is  generally  suitable 
for  livestock  watering,  but  high  sodium  and 
manganese  levels  and  high  counts  of  fecal 
coliform  bacteria  restrict  its  value  as  irrigation 
water.  High  total  coliform  bacteria  counts, 
color  levels  and  excessive  growth  of  aquatic 
vegetation  and  algae  limit  the  recreation 
potential  or  aesthetic  value  of  the  river. 

For  many  water  quality  variables,  non- 
compliance occurred  at  high  river  flows  when 
many  municipalities  discharge  their  wastewater 


and  when  material  from  diffuse  sources, 
including  the  river's  sediment,  is  also 
transported.  However,  for  other  water  quality 
variables  such  as  ammonia  and  nitrite,  non- 
compliance was  directly  related  to  municipal 
discharges  or,  for  temperature,  to  the  discharge 
of  cooling  water. 

Management  Implications 

High  nutrient  levels  and  low  flows  are 
the  main  key  to  water  quality  problems  in  the 
Battle  River.  Reducing  the  amount  of  nutrients 
that  enter  the  river  could  result  in  an  overall 
improvement  of  water  quality.  However,  there 
would  be  a  lag  between  the  time  that  nutrient 
reduction  is  implemented  and  the  time  that  an 
improvement  in  water  quality  is  observed.  This 
is  because  the  sediments  from  the  lakes  and 
from  the  river  are  nutrient-rich  and  would 
continue  to  act  as  a  source  of  nutrients  for  quite 
some  time. 
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